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Abstract

The addition of N,N-dibromobenzenesulfona-
mide (NNDBS) to internal acyclic olefins has
been investigated. The major products formed
were shown to be B-bromosulfonamides. The reac-
tion has been applied to pairs of cis-trans olefins
and has been found to proceed in a stereoselective
fashion. To account for this observed selectivity
an ionic mechanism has been proposed. The B-
bromosulfonamides prepared have been cyclized
with base to N-sulfonylaziridines. The configura-
tions of the latter have been shown to be the
same as those of the starting olefins.

Introduction

Recent reports (1) have demonstrated an interest
in the chemistry of N,N-dihaloamides and especially
in the reaction of these active halogen compounds with
unsaturated materials. The addition of N,N-dihalo-
sulfonamides to olefins has been an area of particu-
larly active investigation. Earlier workers (2-4) have
observed that the addition of N,N-dibromoarylsul-
fonamides to various styrene and norbornylene deriv-
atives apparently proceeds by an ionic pathway and
yields after reduction addition products of type A.
Tn contrast, the reaction of the corresponding N,N-
dichloroarylsulfonamides with alkenes has been ob-
served (6) to occur by a free radical mechanism to
give addition products of type B. Daniher et al.
(7,8) have confirmed the free radical nature of some
additions of N,N-dichlorosulfonamides to olefins, but
have found that in other instances an ionic mechanism
prevails.

More recently Ueno et al. (5) have reported that
N,N-dibromo- and N,N-dichlorobenzenesulfonamide
react with cyclohexene via a radical pathway to yield
a mixture of products, the principal components of
which were identified as cis- and trans-N-(2-haloeyclo-
hexyl)benzenesulfonamide (C). The adducts formed
initially, N-halo-N-(2-halocyclohexyl) benzenesulfona-

mide (D), were shown to react further with eyelo-
hexene to yield cyclohexadiene, 1,2-dihalocyclohexane
and cyclohex-3-enone. This latter reaction sequence
was unequivocally shown to proceed by a radical
mechanism.
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In view of this dichotomy of behavior in the addi-
tion of N,N-dihaloarylsulfonamides to olefins we have
examined the reaction of N,N-dibromobenzenesulfona-
mide with internal acyeclic olefins of known stereo-
chemistry. Also investigated was the ring closure of
the addition products to the corresponding N-
sulfonylaziridines of known stereochemistry.

Results

The present study concerns the addition of N,N-
dibromobenzenesulfonamide to cis- and irans-3-
hexene, cis-2-heptene, cis-5-decene, cis- and trans-9-
octadecene and methyl oleate. The yields of isolated,
analytically pure B-bromosulfonamides are in the
range of 40-70% (Table I).

In general, the reactions were performed by the
dropwise addition of the olefin to a chilled slurry of
N,N-dibromobenzenesulfonamide (NNDBS) in carbon

—_— tetrachloride. In all cases the reaction proceeded
1p ted at the AOOS Meeting, San F' isco, April 1969.
s ARS, USDA. coting, San Trancisco, 2pri spontaneously and exothermally. Progress of the reac-
, TABLE I
B-Bromosulfonamides by Addition NNDBS to Internal Olefins
i 0, % H, % N, Br, 8, %
B-Bromosulfonamide Y:;lﬁl' i ° % % 2
° Caled Found Caled  Found Caled Found Caled Found Caled Found
threo—OHsCH0H~CH—-CH2CHs 65 45.0 45.2 5.67 5.79 4.37 4.38 24.9 24.7 10.0 9.9%
Br_ NHS80:CHs
erythro—OHaOHzOH—OH—OHzOHs 52 45.0 44.8 5.67 5.86 4.37 4.32 24.9 24.6 10.0 9.96
Br NHSO0:CeHs
threo—OHs(CHz)sOH-CH—~CHs BED e e e e e e e
Br NHSO0:0sHs
threo—CHs(OHz)sCH—CH (OHz)sCHs 60 51.1 51.0 6.96 7.18 3.72 8.44 21.2 21.4 8.52 8.58
Br NHSO0:0¢Hs
threo—CHs(OHz)70H~CH (CHz)7CHs 42 59.0 59.6 8.66 8.81 2.87 3.07 16.4 16.1 6.56 6.60
Br NHSO0:20sHs
erythro—CHs(OHs)voH—CH(CHz)vcHs 38 59.0 59.4 8.66 8.20 2.87 3.06 16.4 16.0 6.56 7.00

Br NHS0:CeHs
threo—OHs(OHz)70H—CH (OH2)7C020Hs  60° ... .o e s e e e e e
Br NHSO0:CeHs

a Pure products, yields based on starting olefin.
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(2] Discussion for details.) The adduet obtained from
N trams-3-hexene (mp = 92-93 C) was accordingly as-
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tion was monitored by the disappearance of olefin by
glpe. Alternatively, the reaction could be judged com-
plete when the reaction medium achieved homogeneity.
(enerally the reactions were complete 15 min after
the last addition of olefin. The initially formed ad-
duets, N-bromo-B-bromosulfonamides, were not iso-
lated, but were reduced to the corresponding B-
bromosulfonamides by treatment with aqueous sodium
bisulfite [1].

Initial studies were carried out on the model com-
pounds cis- and frams-3-hexene with the object of
obtaining the diastereomeric B-bromosulfonamide ad-
dition products. The addition of NNDBS to cis-3-
hexene gave a white crystalline adduct (mp = 79.5-
80.5 C) which was assigned the threo- configuration
on the basis of physical and chemical evidence. (See

signed the erythro- configuration on the basis of the
same considerations. The crude threo and the crude
erythro adducts were found to be contaminated by
small amounts of the other configurational isomer.
Also identified as byproducts in these reactions were
the corresponding dibromides and bromohydrins of
the starting olefins [2]. In both examples over
80% of the starting olefin was accounted for by these
products.

Addition of NNDBS to cis-5-decene gave a 60%
yield of the corresponding threo-B-bromosulfonamide
adduct as a crystalline solid. As in the case of the
hexenes the major side products were found to be
the dibromo and bromohydrin derivatives. A minor
amount of the erythro isomer was presumably present
but was not isolated.

Reaction of cis- and frams-9-octadecene with
NNDBS yielded the diastereomeric #hreo- and
erythro-9-bromo-10-benzenesulfonamidooctadecane de-
rivatives as viscous oils. These materials were readily
purified by column chromatography on Florisil. In
addition to the bromosulfonamides, the corresponding
diastereomeric dibromides and bromohydrins were
isolated in yields of 15% and 10% respectively.

TABLE II
Aziridines from B-Bromosulfonamides and Base
. 0, % H, % N, % S, %
Agiridine Yield, - 2
° Caled Found Caled Found Caled Found Caled Found
¢is-3,4-(N-benzenesulfonylepimino) hexane 75 60.2 59.7 7.16 7.02 5.85 5.98 13.40 13.6
trans-8,4-(N-benzenesulfonylepimino) hexane 80 60.2 60.3 7.16 7.11 5.85 5.70 13.40 13.3
cis-2,3-gN-benzenesulfonylepimino)heptane 75 61.6 61.6 7.56 7.54 5.53 5.50 12.7 12.9
¢is-6,6- (N-benzenesulfonylepimino) decane 75 65.1 65.3 8.53 8.61 4.74 4.85 10.9 10.7
¢is-9,10- (N-benzenesulfonylepimino) octadecane 80 70.7 70.7 10.1 10.1 8.44 3.40 7.87 7.94
trans-9,10- (N-benzenesulfonylepimino) octadecane 65 70.7 70.5 10.1 10.0 8.44 3.78 7.87 7.94
¢is-Methyl-9,10- (N-benzenesulfonylepimino)-
octadecanoate 70 66.5 66.3 9.15 9.16 3.10 2.98 7.10 6.97

a Pure products, yields based on starting B-bromosulfonamides.
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The threo-B-bromosulfonamides obtained from cis-
2-heptene and from methyl oleate were mixtures of
positional isomers. The crude products were chroma-
tographed on Florisil, and the pure adducts were
obtained as clear oils. The assignment of configura-
tion as threo adducts is based on extension of the
results obtained with the symmetrical cis olefins.

Table II lists the N-benzenesulfonylaziridines pre-
pared from B-bromosulfonamide precursors by treat-
ment with base. Proof of stereochemical assignment
as a cis- or trams-aziridine is given in the Discussion
section. As a consequence of the procedure used,
cis-aziridines are obtained from cis-olefins and {rans-
aziridines from #rans-olefins [3].

Discussion

It has been postulated (4) that the ionic addition
of N,N-dibromoarylsulfonamides to olefins involves
the intermediacy of a cyclic bromonium ion. Such
a mechanism would predict that addition of NNDBS
to a cis- or trams-alkene should be a stereoselective
process. Indeed the major addition products obtained
from cis- and trams-olefins have been found in the
present work to be threo and erythro diastereomers.
Establishment of these adducts as diastereomers is
based on the following physical and chemical
considerations.

The B-bromosulfonamides obtained from cis- and
trans-3-hexene and cfs- and trams-9-octadecene are
clearly separable and distinguishable by TLC. Ex-
amination of the erude reaction mixtures by TLC
shows a major and minor component. The minor
component from the cis-olefin corresponds to the
major component from the trams-olefin and vice
versa. Although the infrared spectra of the di-
astereomers obtained from cis- and trams-3-hexene are
very similar, the erythro isomer exhibits adsorption
bands at 930, 860 and 775 cm~! which are absent in
the threo isomer, while the latter has an absorption
band at 970 em™! not present in the erythro isomer.
Further proof of the assigned structures as erythro-
threo adducts is found in the correlation of the NMR
coupling constants of the methine protons as 3 cps
for the erythro isomer and 2 cps for the threo isomer.
These data are in agreement with those reported for
the erythro- and threo-S-chlorosulfonamides obtained
from cis- and trans-2-butene and dichloroamine-B (8).

Chemical proof of structure for the B-bromosul-
fonamide adducts was obtained by their chemical
eyclization with base to the corresponding N-sulfonyl-
aziridines in good yields. The base cyclization of B-
haloamides is known to proceed with inversion of
configuration (9). Accordingly, eyclization with base
of the threo and erythro B-bromobenzenesulfonamides
yields the cis- and trans-N-benzenesulfonylaziridines,
respectively. For confirmation of the aziridine struc-
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tures, c¢s-9,10- (N-benzenesulfonylepimino) octadecane
was synthesized by an alternate method from cis-9-
octadecene as shown in Scheme I (10-12). Reaction
of ¢is-9,10-epiminooctadecane (II1) with benzenesul-
fonylchloride in the presence of triethylamine, yielded
¢is-9,10- (N-benzenesulfonyle pimino)octadecane (IV),
mp 80-30.5C. This latter reaction does mot alter
the stereochemistry of the aziridine ring system.

Basic eyclization of the threo-B-bromosulfonamide
prepared from cis-9-octadecene and NNDBS gave an
N-sulfonylaziridine, mp = 30-30.5 C, in 80% yield.
The compound was identical in every respect with
IV (infrared and NMR spectra, TLC and GLC, mix-
ture melting point determination showed no depres-
sion). Thus NNDBS adds to internal olefins in a
stereoselective fashion producing as the major prod-
uct the B-bromosulfonamide derived from {rams-
addition to the double bond.

Two mechanisms can be proposed for the formation
of B-bromosulfonamides from NNDBS and olefinic
compounds. The one pathway involves an ionic mech-
anism as shown in Scheme II. The initial step in-
volves the formation of the bromonium ion inter-
mediate V. Nucleophilic attack on the bottom side of
jon V by the sulfonamido gegen ion produces the
intermediate N-bromo-B8-bromosulfonamide VI. Re-
duection of VI with bisulfite gives the corresponding
B-bromosulfonamide.

The alternative reaction pathway leading to addi-
tion products is via a radical addition mechanism.
This latter mechanism is analogous to the reaction
of other N-haloamides with olefinic compounds (13)
and is shown in Scheme IIL

If the reaction were proceeding via the ionic path-
way one should obtain a stereoselective or even a
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stereospecific adduct. Alternatively, if the reaction
proceeded via a radical mechanism the product dis-
tribution should be random in the absence of other
complicating factors. Experimentally the reaction
was found to be stereoselective. Ueno et al. (5) also
observed this selectivity in their studies of the reac-
tion of NNDBS with cyclohexene and cyclopentene.
In view of this observed selectivity of addition of
NNDBS to internal olefins it would appear that the
jonic mechanism is operative. Formation of an isomer
mixture is best rationalized by the assumption that
the reactive intermediate exists partially as bromon-
jum ion V and partially as carbonium ion Va and
that both of these species are involved in product
formation.

Identification of the major side products of the
reaction of NNDBS with olefins as dibromides and
bromohydrins was made on the basis of the following
considerations. In a number of examples (see Ex-
perimental section) these byproducts were isolated by
glpe or column chromatography. Structures were
assigned on the basis of elemental analyses and com-
parison of the glpe retention times and infrared
spectra with those of authentic samples. Unfor-
tunately no stereochemical assignments could be made
for these addition produets.

The formation of dibromides in the reaction of
NNDBS with olefins has also been observed by Ueno
et al. (5), who has shown that these byproducts are
the result of a reaction of the N-bromo-S-bromosul-
fonamide formed initially and a second molecule of
olefinic substrate. This secondary reaction proceeds
‘?% a radical chain mechanism and is shown in Scheme

The formation of bromohydrins as side produets is
somewhat more difficult to rationalize. These com-
pounds could arise by attack of water on the bromon-
jum ion V. (Scheme V), but this hypothesis is
tenuous, since the reactions were carried out under
essentially anhydrous conditions. (Disappearance of
olefin is complete prior to addition of bisulfite). An
alternate explanation can be found in the results
obtained by Butler and Daniher (8) in their studies



of the reaction of dichloramine B with cis- and rans-
2-butene. These workers isolated by-products which
they characterized as B-chloroiminosulfonates. These
latter materials are formed by nucleophilic attack of
oxygen rather than nitrogen on the carbonium ion
intermediate (Scheme V). The iminosulfonate de-
rivatives (XV) are readily solvolyzed by acetic acid
to the corresponding B-chloroacetates. In the present
series of reactions, attack by oxygen would lead to
the analogous N-bromo-g-bromoiminosulfonates. How-
ever, all attempts to isolate such intermediates proved
unsueceessful. It is thought that hydrolysis of the
bromo derivatives by aqueous acids oceurs much more
readily than hydrolysis of the S-chloroiminosulfonate
analogs and that isolation is thus precluded. This
argument, however, is speculative, and until further
work is carried out, the formation of bromohydrin
derivatives in the reaction of NNDBS with olefins
is still subject to doubt.

Experimental Procedures
Materials

N,N-Dibromobenzenesulfonamide (NNDBS). Pre-
pared by bromination of benzenesulfonamide (14).
Purity 98-99% as determined by sodium thiosulfate
titration.

Cis-3-hexene (96%), trams-3-hexene (99%) and
cis-5-decene (96%) were purchased from Chemical
Samples, Inc. and were used as received. Cis-2-
heptene (95%) was used as received from Phillips
66. Methyl oleate (98%) was used as received from
Applied Science Laboratories.

Cis-9-octadecene and t¢rams-9-octadecene were pre-
pared by the lithium aluminum hydride reduction
of the tosylates of oleyl and elaidyl aleohols (15).
Purity, as determined by glpe and TLC was 98-99%.

Cis-9,10-Epiminooctadecane. This material was
prepared by the method of Gebelein et al. from cis-
9-octadecene (10). Purity by perchloric acid titration
(16) was >98%.

Addition of N,N-Dibromobenzenesulfonamide to Olefins.
General Procedure

A mixture of NNDBS (5.9 g, 0.016 mole) and
carbon tetrachloride (35 ml) was placed in a 100 ml
flask and cooled to 15C. The olefin (0.016 mole)
was then added dropwise at a rate to maintain the
reaction temperature at 15-20 C. When addition was
complete the reaction mixture was allowed to warm
to room temperature, and it was stirred until com-
plete disappearance of olefin was noted by glpe. A
20% aqueous solution of sodium bisulfite (25 ml)
was added at 15-20 C. The organic layer was then
separated, and the aqueous phase was extracted with
three 25 ml portions of chloroform. The combined
organic layers were washed with two 25 ml portions
of water and dried over anhydrous sodium sulfate.
The crude reaction product was isolated by removal
of the solvents under vacuum. Yields and elemental
analyses of products are listed in Table I.

Product Isolation and Purification

Threo-3-Bromo-4- (N-Benzenesulfonamido) hexane.
Prepared from cis-3-hexene, the product was re-
crystallized from 50% ether-hexane at —20 C; mp
79.5-80.5C.

Erythro-3-Bromo-4-(N-Benzenesulfonamido ) hezane.
Prepared from ¢rams-3-hexene, the product was re-
crystallized from 50% ether-hexane at —20 C; mp
92-93 C.
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Threo-2(3)-Bromo-3(2)«(N -Benzenesulfonamido)
heptane. Prepared from cis-2-heptene, the product,
a viscous liquid, was purified by column chroma-
tography on Florisil (1 g/35 g). Elution with 5%
ether-benzene gave the adduct as a clear oil. TLC
showed this material to be a single component, R; .55
(10% ether-benzene; silica gel).

Threo-5-Bromo-6- (N - Benzenesulfonamido)decane.
Prepared from cis-5-decene, the product was recrys-
tallized from petroleum ether (bp 30-60 C) at —20 C;
mp 39-40 C.

Threo-9-Bromo-10- (N-Benzenesulfonamido )octade-
cane. Prepared from cis-9-octadecene, the crude prod-
uct, a mixture of three components, was purified by
chromatography on Florisii (1 g/35 g). Elution
with hexane (500 ml) afforded 9,10-dibromooctade-
cane (yield 9%).

Analysis. Caleulated for CisHzeBry: C, 52.4; H,
8.80; Br, 38.8. Found: C, 52.4; H, 8.70; Br, 38.6.

Further elution with 10% benzene-hexane (800
ml) gave 9-bromo-10-hydroxyoctadecane (yield 13% ).

Analysis. Caleulated for C;3sHyBrO: C, 61.9; H,
10.7; Br, 22.9. Found: C, 61.8; H, 10.6; Br, 22.9.

Elution with 50% benzene-hexane (1500 ml) gave
the bromosulfonamide as a clear oil. TLC showed
this material to be one component, Ry 0.25 (50%
benzene-hexane; silica gel).

Erythro-9-Bromo-10-(N - Benzenesulfonamido ) octa-
decane. Prepared from trams-9-octadecene, the crude
product was chromatographed on Florisil. Elution
with hexane gave the corresponding dibromide
(11.5%), while 10% benzene-hexane yielded the
bromohydrin (12%). Finally, elution with 50%
benzene-hexane gave the bromosulfonamide. TLC
showed this material to be one component, R 0.20
(50% benzene-hexane; silica gel).

Methyl-threo-9(10)-Bromo-10(9)-(N-Benzenesulfon-
amido )octadecanoate. Prepared from methyl oleate,
the crude product, a viscous liquid, was purified by



chromatography on Florisil (1 g/30 g). Elution
with 10% ether-benzene gave the adduct as a clear
oil. TLC showed this material to be a single com-
ponent, Ry 0.45 (10% ether-benzene; silica gel).

N-Sulfonylaziridines from B-Bromosulfonamides

Cis-3,4-(N-B enzenesulfonylepimino ) hexane. A typ-
ical procedure is given in detail. Threo-3-bromo-4-(N-
benzenesulfonamido)hexane (2.2 g, 7 mmole) in 95%
ethanol (10 ml) was added in one portion to a solu-
tion of sodium hydroxide (0.32 g, 8 mmole) in 50%
ethanol (5 ml). The solution was heated to reflux
for 15 min, cooled to room temperature and poured
into water (40 ml) and extracted with ether (3 X 30
ml). The combined extracts were washed with water
until the washings were neutral, dried over anhy-
drous sodium sulfate, and the solvent was removed
in vacuo. The residual oil was erystallized from 5%
ether-hexane at —20C to yield the aziridine as a
white solid, mp = 39-40C. Purity by perchloric
acid titration (16) was 98.5%. Elemental analyses
and yield data are listed in Table II.

Trans-3,4-(N -Benzenesulfonylepimino ) hexane. Pre-
pared from ery t hro-3-bromo-4-(N-benzenesulfon-
amido)hexane, the product was purified by reerystal-
lization from petroleum ether (bp 30-60 C) at —20 C,
mp 28-29 C. Purity by titration was 101%.

Cis-2,3-(N -Benzenesulfonylepimino) heptane. Pre-
pared from threo-2(8)-bromo-3(2)- (N-benzenesulfon-
amido)heptane, the product, an oil, was purified by
chromatography on Florisil (1 g/30 g). Elution
with benzene gave the aziridine as a clear liquid n¥

1.5141. Purity by titration was 98.7%.
Cis-5,6-(N ~Benzenesulfonylepimino)decane. ~ Pre-
pared from threo-5-bromo-6-(N-benzenesulfonamido)
decane, the product was purified by chromatography
on Florisil (1 g/30 g). Elution with hexane gave
the aziridine as a clear oil n}’ 1.5039. Purity by

titration was 99.2%.

Cis-9,10- (N - Benzenesulfonylepimino)octadecane.
Prepared from threo-9-bromo-10- (N-benzenesulfon-
amido)octadecane, the product was recrystallized from
hexane at —20 C, mp 30.0-30.5 C. Purity by titration
was 99.0%.

Alternatively, the aziridine was prepared by the
reaction of ¢is-9,10-epiminooctadecane with benzene-

sulfonylchloride in the presence of triethylamine, mp.
30.0-30.3 C, purity by titration was 100%. The two
samples were identical by TLC, infrared spectroscopy
and mixed mp.

Trans-9,10- (N-B enzenesulfonylepimino)octadecane.
Prepared from erythro-Q-bromo-lO-(N-benzenesulon—
amido)octadecane, the product was purified by
chromatography on Florisil (1 g/30 g). Elution with
50% benzene-hexane gave the aziridine as a clear oil
n2’ 1.4938. Purity by titration was 99.1%.

Methyl cis-9,10- (N - benzenesulfonylepimino )octade-
canoate. A solution of methyl threo-9 (10) -bromo-
10(9)- (N-benzenesulfonamido) octadecanoate in meth-
anol was added in one portion to a solution of sodium
methoxide in methanol and refluxed for 10 min. The
crude reaction product was isolated as above. Column
chromatography of the crude product on Florisil
(1 g/30 g) with 10% ether-benzene gave the aziridine
as a colorless oil nﬁ;’ 1.4938. Purity by titration was

99.3%.
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